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       Genome pro jects  have  revea led  genome sequences  o f  many  
organisms inc luding the  human genome.  Genomes conta in many 
prote in-coding  genes  and human is  thought  to  have  30,000-40,000 
prote in-coding  genes .  However ,  funct ions  o f  many genes  are  
unknown and we are  s t i l l  far  f rom understanding compl icated  
b io log ica l  phenomena.  There fore ,  i t  i s  important  to  c lar i fy  funct ions 
o f  prote ins.  One way to  analyze  the funct ion o f  a  prote in  is  to  search 
i ts  interact ion partner ,  i . e . ,  to  analyze  prote in-prote in  and smal l  
molecule-prote in  interact ions .   
      In  the  1st  chapter ,  I  g ive  an overv iew o f  current  technolog ies  
to  detect  prote in-prote in  and smal l  molecule-prote in interact ions  
and ment ion the mer i ts  and demer i ts  o f  each technology .  I  a lso  re fer  
to  the  s ign i f i cance o f  nove l  technolog ies  based on in  v i t ro  t rans la t ion 
that  permits  to ta l ly  in  v i t ro  screening  o f  prote in-prote in  and smal l  
molecule-prote in  interact ions .  Further ,  I  expla in the  concept  o f  a  
nove l  technology  des ignated “DNA d isp lay”  and the a im o f  th is  s tudy,  
i . e . ,  to  es tab l ish the  DNA d isp lay  system for  proteome research.  
      In  the  2nd chapter ,  I  repor t  opt imizat ion o f  DNA constructs  to  
achieve  e f f i c ient  format ion o f  “DNA-prote in  conjugates” .  DNA d isp lay  
employs  water - in-o i l  emuls ions  formed wi th  in  v i t ro  
t ranscr ipt ion/trans lat ion system and minera l  o i l  to  generate  
DNA-prote in  conjugates  in  which DNAs (genotype )  are  l inked to  the i r  
corresponding prote ins (phenotype ) .  These DNA-prote in  conjugates  
are  subjected  to  a f f in i ty  se lec t ion fo l lowed by  ident i f i cat ion by 
sequenc ing .  There fore ,  format ion o f  DNA-prote in  conjugates  is  a  
cruc ia l  s tep  in  DNA d isp lay .  F irs t ,  I  combined var ious  promoters ,  
t rans lat iona l  enhancers  a t  the  5 ’ -untrans lated  reg ion and coupled in  
v i t ro  t ranscr ipt ion/translat ion systems,  and examined e f f i c iency  o f  
prote in  synthes is .  A  combinat ion o f  SP6 promoter  and a  t rans lat iona l  
enhancer  der ived f rom tobacco  mosaic  v i rus  dramat ica l ly  acce lerated 
prote in  synthes is  in  a  wheat  germ extrac t  t ranscr ipt ion/trans lat ion 
system.  By employ ing  th is  combinat ion,  I  achieved h igh ly  e f f i c ient  
(more  than 95%)  format ion o f  DNA-prote in  conjugates .  
      In  the  3rd  chapter ,  I  descr ibe  the  preparat ion o f  water - in-o i l  
emuls ions us ing  wheat  germ extracts .  The concept  o f  DNA d isp lay  
requires  uni form emuls ions so  that  most  o f  DNA molecules  can be  
separate ly  compartmental i zed  in  each mice l le .  By  measur ing  the s i ze  
d is t r ibut ion o f  drop le t  d iameter  o f  emuls ions  by  laser  d i f f ract ion,  I  
found that  appropr iate  emuls ions  can be  formed wi th  wheat  germ 
 extracts .  Judg ing  f rom the  average  d iameter ,  I  conc lude  that  more  
than 10 9  DNA molecules  can be  subjected  for  se lec t ion.   
      In  the  4th chapter ,  I  opt imized se lec t ion condi t ions  in  a  mode l  
system us ing  FLAG pept ide  and ant i -FLAG M2 ant ibody.  By 
opt imiz ing b inding,  washing  and e lut ion condi t ions ,  I  success fu l ly  
enr iched the  des i red  gene  by  a  factor  o f  100- fo ld  per  se lect ion round.  
I  a lso  show that  des i red  gene can be  enr iched by  conduct ing mul t ip le  
rounds o f  se lec t ion even when i t  was  mixed to  undes i red  genes  at  the  
rat io  o f  1 :100,000.  
      In  the  5th chapter ,  I  descr ibe  a  t r ia l  to  enr ich pept ides  f rom a  
complete ly  random sequence  l ibrary ,  which in  turn demonstrates  the 
appl icab i l i ty  o f  DNA d isp lay .  A  random decapept ide  l ibrary  was  
constructed us ing  a  long  degenerate  o l igonucleot ide  pr imer  and 
subjected to  screening  o f  pept ides  that  b ind to  ant i -FLAG M2 
ant ibody for  f i ve  se lec t ion rounds.  By analyz ing  enr iched DNA by  
immunoblot t ing ,  I  f ound that  the  f ract ion o f  pept ides  capable  o f  
b inding  to  the  ant i -FLAG M2 ant ibody c lear ly  increased at  round 4  
and saturated round 5 .  Cons is tent ly ,  prote in  microarray  analys is  o f  
randomly  chosen c lones  f rom rounds 3  to  5  showed that  most  
pept ides  f rom round 5  bound to  the  ant ibody.  Sequence  analys is  o f  
enr iched c lones  revea led  that  71 enr iched c lones  were  grouped in to 
21 d is t inct  FLAG- l ike  sequences .  Amino ac id  res idues  D,  Y ,  K  and D 
in  the  1s t ,  2nd,  3rd and 6th pos i t ions  o f  the  or ig ina l  FLAG sequence  
(DYKDDDDK) ,  which are  known to  be  cr i t i ca l  to  b inding to  the 
ant i -FLAG M2 ant ibody,  were  conserved at  h igh f requenc ies .  I  a lso  
invest igated b inding  a f f in i t i es  o f  se lec ted  pept ides  by  pul l -down 
assays  and sur face  p lasmon resonance  (SPR)  spect roscopy.  A  few o f  
the  se lec ted  pept ides  showed s ign i f icant ly  h igher  a f f in i t i es  than that  
o f  the  or ig ina l  FLAG pept ide .  
      In  the  6th chapter ,  I  descr ibe  appl i cat ions  o f  DNA-disp lay  to  
fo lded prote ins .  When prote ins  are  fused to  s t reptav id in  (SA) ,  
format ion o f  DNA-prote in  conjugates  was moderate ly  ine f f i c ient  in  
some prote ins  tested.  I  overcame th is  problem by introducing pept ide  
l inkers  between SA and the fused prote ins,  resul t ing  in  h igh ly  
e f f i c ient  format ion o f  DNA-prote in  conjugates  in  any prote in  tested  
inc luding  a  61-kDa prote in ,  luc i fe rase .  I  conc lude  that  e f f i c ient  
tet ramrer izat ion o f  SA fus ion prote ins  is  conferred by  separat ing  the  
two domains  and that  th is  in  turn enables  e f f i c ient  format ion o f  
DNA-prote in  conjugates .  
       As  mode l  exper iments ,  Glutath ione  S- t rans ferase  (GST) ,  
FKBP12 (FK506 b inding  prote in  12 kDa) ,  HP1β  (heterochromat in  
prote in  1β )  and a  Po lycomb-group prote in  RYBP (RING1A-and-YY1 
b inding  prote in )  were  se lec ted on matr ices  coupled wi th  
corresponding ba i t  (g lutath ione ,  FK506,  h is tone H3 N-terminal  
pept ide  methy lated  at  Lys9 and RING1A,  respect ive ly ) .  Whi le  spec i f i c  
enr ichment  o f  the des i red  genes  was success fu l  when DNA-prote in  
conjugates  were  prepared separate ly  in  non-emuls i f i ed  react ions  
conta in ing  h igh concentrat ion (10 nM)  o f  DNA,  i t  was severe ly  
reduced or  even undetected  when DNA-prote in  conjugates  were  
prepared in  standard emuls i f i ed react ions where  DNA concentrat ion 
was ad justed  to  25-100 pM.  In  th is  s i tuat ion,  d i f f e rence  between 
spec i f i c  and non-spec i f i c  b inding  o f  DNA-prote in  conjugates  to  the  
ba i t -coupled matr ix  would  be  t r iv ia l ,  resu l t ing  in  reduct ion or  even 
loss  o f  enr ichment .  There fore ,  I  conc lude  that  i t  would  be  necessary  
to  prepare  enormous amount  and h igh ly  concentrated  prey  and/or  to  
reduce  non-spec i f i c  b inding  by  us ing  e f fec t ive  b lock ing  reagents  for  
fur ther  improvements .  
      In  the 7th chapter ,  I  g ive  conc lus ions  to  th is  s tudy.  From the  
aspect  o f  screening  o f  pept ide  l i gands,  I  made an epoch-making  
achievement .  DNA d isp lay  exce ls  in  rap id i ty  and s impl ic i ty  compared 
wi th  any other  technology  for  screening pept ide  l igands repor ted to  
date  such as  phage  d isp lay ,  and would be  idea l  for  th is  purpose .  
However ,  enr ichment  o f  fo lded prote ins  f rom large  l ibrar ies  has  been 
very  ine f f i c ient  or  unsuccess fu l .  Taking  into  account  both mer i ts  and 
drawbacks o f  DNA d isp lay ,  some o f  which have  emerged through th is  
s tudy,  I  d iscuss potent ia l  o f  DNA d isp lay  and g ive  future  
perspect ives .  
